Pollination plays an important role in the reproduction and fruit set of flowering plants (Corbet et al., 1991; Buchmann and Nabhan, 1996) since the flower ovary for its development needs stimulus in the form of auxin, which is synthesized by the endosperms of the ovules after fertilization. After pollination and fertilization, the ovary of a flower develops into a fruit and the ovules into seeds.
rows of ovules and is connected to a short thick style with three stigma lobes. Flowers have yellow wrinkled petals.
Both male and female flowers produce nectar, and most bee visitors collect this nectar (Collison, 1973) . The flowers are short lived, and the stigma remains receptive throughout the day, being most receptive in early morning.
If they are not pollinated during that time, the flowers abort and drop from the vine (Meléndez-Ramirez et al., 2002) .
Cucumber pollen grains are large and sticky, therefore, well suited to pollination by honeybees than by wind. The importance of insects as main agents for the transfer of pollen grains from male flower to female flower is well known (Free, 1993) . Fruit abortion can reach 100 per cent in flowers bagged to exclude insect visitors (Stanghellini et al., 1997) but self-pollination rates of 30-36 per cent have been documented in the absence of insects and a small rate of parthenocarpy is known to exist at Canada (Gingras et al., 1999) . However, the foraging behaviour of different species of honeybees on cucumber has been studied in India and abroad but the foraging behaviour in relation to pollination efficiency has not been studied. Hence, the present investigation was carried out to record the diversity and abundance of insect pollinators and to evaluate the pollination efficiency of native bee pollinators on cucumber flowers at Hisar (India).
MATERIALS AND METHODS

Study sites and climate
Pollination studies in cucumber hybrids, viz. Evergreen, The maximum and minimum temperature shows wide range of fluctuations during summer, while the temperature below freezing point accompanied by frost may also be recorded during winter months (DecemberJanuary), which is very common feature of this region. The rainfall is confined mainly to the monsoon months from July to September but light showers cyclonic rains also occur sometimes during winter and spring months.
Soils status and fertilization
The soil of the field was sandy-loam with moderate fertility and pH 8.0, indicating slightly alkaline nature of the soil. Based on soil analysis, the soil of the experimental field was low in nitrogen, medium in organic carbon (0.33%), available phosphorus (8kg/ha) and rich in potassium (480kg/ha). Well-decomposed two years old farmyard manure was incorporated into the soil @ 10 t/ha at the time of field preparation. The field was prepared up to fine tilth by giving repeated ploughings with disc harrow followed by planking. The field was first divided into plots of 10m width and 40m length in which the channels of 40cm width and 20cm depth were opened manually with the help of spade at a distance of one meter.
Crop husbandry
For raising a healthy crop, 50kg nitrogen, 25kg phosphorus and 25kg potash fertilizers were applied per hectare at the time of last ploughing. The seeds of four varieties before sowing were treated with Captan @ 3g/kg of seed and soaked in water over night to hasten germination. Thereafter, the seeds were dried in shade before sowing. 
Loose pollen grains sticking to the body a of bee
The loose pollen grains sticking to the body of different bee species were estimated. The bees were captured gently by forceps to avoid shaking of its body from the flowers and its hind legs were amputated following the method given by Kumar (1990) . The bees were captured on their peak activity during peak flowering and kept in 70 per cent alcohol in glass vial (9 3cm) after amputating the hind pair of legs very gently. The bees were shaken vigorously to wash out the pollen grains from their body. The total volume of the rinsate was made to 5ml before pollen count.
An aliquot, 0.01ml (replicated 5 times) was taken and with the help of a haemocytometer and binocular microscope (15 10 magnification), the number of pollen grains were counted. The total number of pollen grains in the whole rinsate was calculated. Identity of the cucumber pollen grains were accomplished with standard pollen slides. The ten individuals of each bee species were captured for counting the number of loose pollen grains. For the study of pollen grains, insects were captured between 1000 and 1200 h of the day.
Pollination efficiency
Comparative pollination efficiency of different bee species were assessed on the basis of their relative abundance,
foraging behaviour parameters such as foraging rate and the amount of loose pollen grains sticking to their bodies.
The pollination index was calculated by the following the method suggested by Kumar et al. (2012) .
Statistical analysis
The data pertaining to relative abundance, foraging rate and loose pollen grains were statistically analyzed by using factorial complete randomized design (CRD). Comparative pollination efficiency of different bee species was assessed based on the relative abundance and foraging behaviour.
RESULTS AND DISCUSSION
Twenty-four insect species belonging to eleven families were recorded from the cucumber flowers. The hymenopterans were the major floral visitors comprising of twelve different species from three families ( 
Ceratina sexmaculata Smith
Halictus sp.
Apis mellifera Linnaeus
Megachile cephalotes Smith
Apis cerana Fabricius
Megachile bicolor Fabricius
Vespa auraria Smith
Vespa orientalis Linnaeus
Polistes hebraeus Fabricius
Eumenes petiolata Fabricius
Eumenes dimidiatipennis Sauss Significant differences were found among the number of loose pollen grains sticking to the body of different foragers of three bee species (Table 4) . Apis dorsata had the highest loose pollen grains on their body (113690 pollen grains) followed by Halictus sp. (47040 pollen grains) and it was lowest in case of C. sexmaculata (43620 pollen grains). Irrespective of three bee species, the number of loose pollen grains sticking to the body of bees did not differ significantly among different hybrids of cucumber.
Computation of pollination index
The abundance of C. sexmaculata (2.79 bees/m 2 /5 minutes) was highest followed (Table 2) the time of commencement and cessation of the flowering but these remained high during mid flowering period. This difference might be due to variation in the floral density during the span of blooming on the crop. Kendell and Smith (1975) , Schemske (1980) and Dhaliwal and Atwal (1985) also stated that the number of flowers was more at the peak flowering and these were visited by larger number of pollinators and helped maximization of pollination in different crops. Among these insects, Halictus sp., C. sexmaculata and A. dorsata were the most frequent visitors. In general, diversity of pollinating insects varies from region to region and locality to locality. McGregor in 1976 stated that insects of many species visited the cucumber flowers and pollinated them. These include bees, wasps, moths, butterflies, beetles, thrips and midges. However, bees were the most efficient and the only dependable pollinators. Kauffeld et al. (1978) listed 37 species, frequenting cucumber blossom in Louisiana (USA). Cervancia and Bergonia (1991) Hymenopteran, and among bees, Apis dorsata was the most frequent visitor (Sajjanar et al., 2004) . The results of the present investigations and almost similar to those reported by earlier workers (McGregor, 1976; Kauffeld et al., 1978; Cervancia and Bergonia; Sajjanar et al., 2004) . In the present study, the pollination efficiency of Halictus sp. and C. sexmaculata was much more than the efficiency of A. dorsata on C. sativus bloom under ecological conditions of Hisar (Haryana). This was due to the higher abundance of these bees. However, Stanghellini et al. (1997) observed that honey bees were the best pollinators of cucumber and watermelon followed by bumble bees. Kumar (2002) reported that Melissodes sp.
was considered the best pollinator of cucumber followed by Sarcophaga sp. at Hisar.
